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Lift installation 

Subject of the invention is a lift installation as defined in the patent claims. 

Lift installations of the kind according to the invention usually comprise a lift cage and a 
counterweight, which are movable in a lift shaft or along free-standing guide devices. For 
producing the movement the lift installation comprises at least one drive with at least one 
respective drive pulley, which, by way of support means and/or drive means, support the 
lift cage and the counterweight and transmit the required drive forces to these. 

In the following, for the sake of simplicity the support means and/or drive means are 
termed only support means. 

A lift system without an engine room is known from WO 03/043926, in which wedge ribbed 
belts are used as support means for the lift cage. These belts comprise a belt body of flat 
belt form which is produced from a resilient material (rubber, elastomer) and which has, on 
its running surface facing the drive pulley, several ribs extending in the belt longitudinal 
direction. These ribs co-operate with grooves, which are formed to be complementary 
thereto, in the periphery of driving or deflecting pulleys (termed belt pulleys in the 
following) in order on the one hand to guide the wedge ribbed belt on the drive pulleys and 
on the other hand to increase the traction capability between the drive pulley and the 
support means. The ribs and grooves have triangular or trapezium-shaped, i.e. wedge- 
shaped, cross-sections. Tensile carriers consisting of metallic or non-metallic strands are 
embedded in the belt body of the wedge ribbed belt and oriented in the belt longitudinal 
direction, which tensile carriers impart the requisite tensile strength and longitudinal 
stiffness to the support means. 

The wedge-ribbed belts known from WO 03/043926 have certain disadvantages, i.e. they 
are not optimally adapted to the requirements of a support means for lift cages. Such 
support means have to have a high load-bearing capability and a low longitudinal elasticity 
for smallest possible dimensions and smallest possible own weight and in that case be 
able to be guided over driving and deflecting pulleys with smallest possible diameters. 

The wedge ribbed belts used as support means in accordance with WO 03/043926 exhibit, 
by comparison with the cross-sections of the tensile carriers, relatively large cross-sections 
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of the belt bodies, i.e. the thickness of the belt bodies is large in relation to the diameter of 
the tensile carriers, and the edge regions, which face the pulleys and rollers, of the belt 
bodies, particularly the tips of the wedge-shaped ribs, are spaced comparatively far from 
the tensile carriers. In the case of the cross-section, which is given by the required load- 
bearing strength, of the tensile carriers this means that the disclosed wedge ribbed belts 
on the one hand have more than the absolutely necessary amount of material for the belt 
body and thus are too heavy and too expensive. On the other hand, the material of the 
belt body, which is relatively high in bending direction, is needlessly strongly loaded by 
alternating bending stresses when the support means runs around a drive pulley or a 
deflecting roller of small diameter, which can lead to formation of cracks and premature 
failure of the support means. In particular, the regions of the belt body spaced far from the 
tensile carriers, i.e. the tips of the wedge-shaped ribs, are exposed to strong alternating 
bending stresses. 

The present invention is based on the task of creating a lift installation of the afore- 
described kind in which the stated disadvantages are not present, i.e. that the lift 
installation comprises a support means of flat belt form with ribs, which in the case of use 
with minimum belt pulley diameters and for a predetermined load-bearing capability has 
minimum dimensions and minimum weight, wherein the tensile carriers and the belt body 
are exposed to the smallest possible loads so that an optimum service life is guaranteed 
for the support means. 

According to the invention this task is solved by the measures and features indicated in 
patent claim 1 . 

The proposed solution consists substantially in that in the case of a lift installation there is 
used a support means of flat belt form which has at least on a running surface facing the 
drive pulley several ribs extending parallelly in the belt longitudinal direction, wherein at 
least two tensile carriers oriented in the belt longitudinal direction are present per rib and 
the sum of the cross-sectional areas of all tensile carriers amounts to at least 25%, 
preferably 30% to 40%, of the total cross-sectional area of the support means. For 
ascertaining the total cross-sectional area of the tensile carriers, the cross-section defined 
by the outer diameter thereof is to be taken into account. 

Through the distribution of the load to two tensile carriers (with the requisite cross-section) 
per rib it is achieved that the tensile means when the support means runs over belt pulleys 
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with small diameters are exposed to smaller alternating bending stresses than if a single 
tensile carrier with correspondingly larger diameter were used per rib. With the indicated 
relationship between the sum of the cross-sectional areas of all tensile carriers and the 
cross-sectional area of the support means there is defined a support means which has 
optimally small dimensions and material quantities. The optimum small dimensions also 
have the consequence of correspondingly small alternating bending stresses in the 
material of the belt body. Materials (rubber, elastomer) can therefore be selected for 
production of the belt body which have a lower permissible bending stress, but tolerate 
higher area pressures between tensile carriers and belt body. 

Advantageous refinements and developments of the invention are evident from the 
independent claims 2 to 10. 

According to a preferred refinement of the invention there are used in the support means 
tensile carriers with a substantially round cross-section, the outer diameter of which 
amounts to at least 30%, preferably 35% to 40%, of the rib spacing. As rib spacing there 
is to be understood the spacing between adjacent ribs of a support means, which is 
usually the same between all ribs of a specific support means. In the case of a support 
means constructed in accordance with this rule it is ensured that the forces which are to be 
transmitted by the tensile carriers via the belt body to a drive pulley or a deflecting roller 
are optimally distributed in the belt body and the area pressures arising between tensile 
carriers and belt body are optimally small. The risk is thereby minimised that a loaded 
tensile carrier cuts through the belt body. 

Advantageously the ribs have a wedge-shaped cross-section with a flank angle of 60° to 
120°, wherein the range of 80° to 100° is to be preferred. The angle present between the 
two side surfaces (flank) of a wedge-shaped rib is termed flank angle. With flank angles of 
60° to 120° it is ensured on the one hand that when the support means runs over belt 
pulleys no jamming between the ribs and the grooves, which are formed to be 
complementary thereto, of the belt pulleys arises. Running noises as also excitation of 
vibrations of the wedge-ribbed belt are thereby reduced. On the other hand, with such 
flank angles a sufficient guidance of the support means on the belt pulleys can be 
achieved, which prevents the lateral displacement of the support means relative to the belt 
pulleys. 
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An ideal distribution of the forces introduced from the belt body into the tensile carriers is 
achieved inter alia in that the spacings between the centres of tensile carriers associated 
with a specific rib are at most 20% smaller than the spacings between the centres of 
adjacent tensile carriers associated with adjoining ribs. 

Optimally small dimensions and low weight of the support means are achievable if the 
minimum spacing of the outer contour of a tensile carrier from a surface of a rib amounts 
to at most 20% of the total thickness of the support means. The total thickness of the belt 
body with the grooves is to be understood as total thickness. 

According to a preferred refinement of the invention the tensile carriers associated with a 
rib are so arranged that a respective outer tensile carrier lies substantially in the region of 
the perpendicular projection of each flank of the wedge-shaped rib. A projection oriented 
perpendicularly to the plane of the flat side of the support means is termed perpendicular 
projection and by "substantially" there is to be understood that at least 90% of the cross- 
sectional area of the respective tensile carrier lies within the said projection. 

In the case of a particularly advantageous form of embodiment a respective outer tensile 
carrier is arranged entirely in the region of the perpendicular projection (P) of each flank of 
a wedge-shaped rib. 

With the two arrangements, defined in the foregoing, of the tensile carriers in the flank 
region it is guaranteed that when running around a belt pulley no tensile carrier has to be 
supported by that point of the belt body which has the deepest notching formed by the 
grooves lying between the ribs. 

In order to obtain support means which for a given tensile loading have a smallest possible 
longitudinal stretching, tensile carriers of steel wire cables are used. Steel wire cables are 
less stretched, for the same loading, than, for example, tensile carriers with the same 
cross-section of conventional synthetic fibres. 

A support means with particularly low permissible bending radii, which is suitable for use in 
combination with belt pulleys of small diameter, can be achieved in that the steel wire 
cables have an outer diameter of less than 2 millimetres and are twisted from several 
wires which in total contain more than 50 individual wires. 
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Examples of embodiment of the invention are explained by reference to the accompanying 
drawings, in which: 

Fig. 1 shows a section, which is parallel to a lift cage front, through a lift 

installation according to the invention; 

Fig. 2 shows an isometric view of the rib side of a support means according to the 

invention in the form of a wedge ribbed belt; 

Fig. 3 shows a section through a first wedge ribbed belt forming the support 

means of the lift installation; 

Fig. 4 shows a section through a second wedge ribbed belt forming the support 

means of the lift installation; and 

Fig. 5 shows a cross-section through a steel wire tensile carrier of the wedge 

ribbed belt. 

Fig. 1 shows a section through a lift system according to the invention installed in a lift 

shaft 1 . Essentially illustrated are: 

a drive unit 2, which is fixed in the lift shaft 1, with a drive pulley 4.1 

a lift cage 3, which is guided at cage guide rails 5, with cage support rollers 4.2 

mounted below the cage floor 6 

a counterweight 8, which is guided at counterweight guide rails 7, with a 
counterweight support roller 4.3 

a support means, which is constructed as a wedge ribbed belt 12, for the lift cage 3 
and the counterweight 8, which support means transmits the drive force from the 
drive pulley 4.1 of the drive unit 2 to the lift cage and the counterweight. 
(In the case of an actual lift installation, at least two wedge ribbed belts arranged in 
parallel are present) 

The wedge ribbed belt 12 serving as support means is fastened at its end below the drive 
pulley 4.1 to a first support means fixing point 10. From this it extends downwardly to the 
counterweight support roller 4.3, loops around this and extends out from this to the drive 
pulley 4.1, loops around this and runs downwardly along the cage wall at the 
counterweight side, loops around, at both sides of the lift cage, a respective cage support 
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roller 4.2, which is mounted below the lift cage 3, in each instance by 90° and runs 
upwardly along the cage wall remote from the counterweight 8 to a second support means 
fixing point 1 1 . 

The plane of the drive pulley 4.1 is arranged at right angles to the cage wall at the 
counterweight side and its vertical projection lies outside the vertical projection of the lift 
cage 3. It is therefore important that the drive pulley 4.1 has a small diameter, so that the 
spacing between the cage wall at the left side and the wall of the lift shaft 1 opposite 
thereto can be kept as small as possible. Moreover, a small drive pulley diameter enables 
use of a drive motor without transmission and with a relatively small drive torque as drive 
unit 2. 

The drive pulley 4.1 and the counterweight support roller 4.3 are provided at their 
periphery with grooves which are formed to be complementary to the ribs of the wedge 
ribbed belt 12. Where the wedge ribbed belt 12 loops around one of the belt pulleys 4.1 
and 4.3 its ribs lie in corresponding grooves of the belt pulley, whereby a perfect guidance 
of the wedge ribbed belt on these drive pulleys is guaranteed. Moreover, the traction 
capability is improved by the wedging action arising between the grooves of the belt pulley 
4.1 serving as drive pulley and the ribs of the wedge ribbed belt 12. 

In the case of support means under-looping below the lift cage 3 no lateral guidance is 
given between the cage support rollers 4.2 and the wedge ribbed belt 12, since the ribs of 
the wedge ribbed belt are disposed on its side remote from the cage support rollers 4.2. In 
order to nevertheless ensure lateral guidance of the wedge ribbed belt there are mounted 
at the cage floor 6 two guide rollers 4.4 provided with grooves which co-operate with the 
ribs of the wedge ribbed belt 12 as lateral guidance. 

Fig. 2 shows a section of a wedge ribbed belt 12.1, which serves as support means, of a 
lift installation according to the invention. The belt body 15.1, the wedge-shaped ribs 20.1 
and the tensile carriers 22 embedded in the belt body can be recognised. 

Fig. 3 shows a cross-section through a wedge ribbed belt 12.1 according to the present 
invention, which comprises a belt body 15.1 and several tensile carriers 22 embedded 
therein. The belt body 15.1 is produced from a resilient material. Natural rubber or a 
number of synthetic elastomers are, for example, usable. The flat side 17 of the belt body 
15.1 can be provided with an additional cover layer or a fabric layer which is worked in. 
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The traction side, which co-operates at least with the drive pulley 4.1 of the drive unit 2, of 
the belt body 15.1 has several wedge-shaped ribs 20.1 which extend in the longitudinal 
direction of the wedge ribbed belt 12.1. A belt pulley 4, in the periphery of which grooves 
complementary to the ribs 20.1 of the wedge ribbed belt 12.1 are formed, is indicated by 
means of phantom lines. 

Two round tensile carriers 22 are associated with each of the wedge-shaped ribs 20.1 of 
the wedge ribbed belt 12.1 and are so dimensioned that they can in common transmit the 
belt loads arising in the wedge ribbed belt per rib. These belts loads are on the one hand 
the transmission of pure tensile forces in the belt longitudinal direction. On the other hand, 
in the case of looping around of a belt pulley 4.1 - 4.4 forces are transmitted in radial 
direction from the tensile carriers via the belt body to the belt pulley. The cross-sections of 
the tensile carriers 22 are so dimensioned that these radial forces do not cut through the 
belt body 15.1. In the case of looping around of a belt pulley additional bending stresses 
arise in the tensile carriers as a consequence of the curvature of the wedge ribbed belt 
resting on the belt pulley. In order to keep these additional bending stresses in the tensile 
carriers 22 as small as possible the forces to be transmitted per rib 20.1 are distributed to 
two tensile carriers, although a single tensile carrier arranged in the centre of the rib would 
enable a somewhat smaller overall thickness of the wedge ribbed belt. 

Through extensive tests there has been ascertained an arrangement of belt body 15.1 and 
tensile carriers 22 which, for a given belt pulley diameter D of approximately 90 
millimetres, a given tensile load and a given permissible alternating bending stress of the 
tensile carriers and the belt body material, a smallest possible total cross-section for a 
smallest possible weight of the wedge ribbed belt results. As an important criterion for a 
wedge ribbed belt with the stated properties it has in that case resulted that the proportion 
of the total cross-sectional area of all tensile carriers to the cross-sectional area of the 
wedge ribbed belt shall amount to at least 25%, preferably 30% to 40%. 

The wedge ribbed belt illustrated in Fig. 2 fulfils this criterion. For ascertaining the total 
cross-sectional area of all tensile carriers the cross-section, which is defined by outer 
diameter DA shown in Fig. 5, of the wire cable is to be taken into consideration. 

In the case of a wedge ribbed belt 12.1 with two tensile carriers per rib 20.1 the aforesaid 
characteristics are achieved in particularly optimal manner if the outer diameter of a tensile 
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carrier amounts to at least 30% of the rib spacing. The uniform pitch spacing T of the ribs 
is termed rib spacing. 

Fig. 4 shows a variant 12.2 of the wedge ribbed belt, in which the wedge-shaped ribs 20.2 
are wider than in the case of the variant 12.1 illustrated in Fig. 2 and each have three 
associated tensile carriers. All other characteristics stated in connection with the variant 
according to Fig. 2 are similarly present in the case of this variant. Such a wedge ribbed 
belt has the advantage that the corresponding belt pulleys 4.1, 4.3, 4.4 are somewhat 
easier to produce. 

The wedge ribbed belts illustrated in Figs. 3 and 4 and serving as support means have a 
preferred flank angle p of approximately 90°. The angle present between the two flanks of 
a wedge-shaped rib of the belt body is termed flank angle. As already explained in the 
description of advantages tests have shown that the flank angle has a critical influence on 
the development of noise and the creation of vibrations and that flank angles p of 80° to 
100° are optimal, and from 60° to 120° usable, for a wedge ribbed belt provided as lift 
support means. 

It is also recognisable in Figs. 3 and 4 that the spacings A between centres of the tensile 
carriers 22 associated with a specific rib are slightly smaller than the spacings B between 
centres of adjacent tensile carriers of adjoining ribs. This is caused by the maintenance of 
a minimum requisite spacing of the tensile carriers 22 from the edges of the ribs 20.1, 
20.2. In that the differences in the spacings are kept as small as possible, a 
homogeneous distribution of the forces introduced by the belt body into the tensile carriers 
is guaranteed. It has proved advantageous if the spacings A are not more than 20% 
smaller than the spacings B. 

Moreover, it can be inferred from Figs. 3 and 4 that small dimensions and low weight of the 
wedge ribbed belt can be achieved in that the spacings X between the outer contours of 
the tensile carriers and the surfaces of the ribs are formed to be as small as possible. 
Tests have yielded optimum characteristics for wedge ribbed belts in which these spacings 
X amount to at most 20% of the total thickness s of the support means or at most 17% of 
the pitch spacing T present between the ribs 20.1, 20.2. The total thickness of the belt 
body 15.1, 15.2 together with the ribs 20.1, 20.2 is to be understood as total thickness s. 
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Particularly small dimensions and good running characteristics have resulted for wedge 
ribbed belts 12.1, 12.2 when the tensile carriers 22 associated with a rib 20.1, 20.2 are so 
arranged that a respective outer tensile carrier lies substantially or entirely in the region of 
the perpendicular projection P of each flank of the wedge-shaped rib 20.1, 20.2. 

Fig. 5 shows in enlarged illustrated a cross-section through a preferred form of 
embodiment of a tensile carrier 22, which is predominantly suitable for a wedge ribbed belt 
for use in a lift installation according to the invention. The tensile carrier 22 is a steel wire 
cable which is twisted from in total 75 individual wires 23 with extremely small diameters. 

In order to achieve a long service life of the support means in lift installations with belt 
pulleys of small diameter it is of substantial advantage if the steel wire cables used as 
tensile carriers 22 consist of at least 50 individual wires. 



